hindered face of the azirine to form the trans products 3 (scheme 1). 1 The main drawback to this methodology as a route to α-amino esters 3 is that there is currently no method of obtaining the 2H-azirine-3-carboxylic ester 1 in an enantiopure form. As a first approach to a chiral aziridine, the azirine 2 bearing the (N,N-diethylsulfamoyl) isobornyl unit as the chiral auxiliary in the ester moiety, was obtained 2 and reacted with nucleophiles. The expected addition reactions took place, but diastereodifferentiation of the two faces of the azirine was generally not good. 2 So, we concluded that it would be difficult to generate chiral adducts if the chirality of the compound is outside the ring. On the other hand, 2H-azirine-2-carboxylic esters of type 4 can be accessed in optically active form from ester aziridines 5 by Swern oxidation 3 (scheme 2) or from β-ketoester oxime p-toluenesulfonates 6, by a modified Neber elimination, using (+)-dihydroquinidine as a chiral tertiary base (scheme 3). 4 To our surprise we find that 2-alkoxycarbonylazirine compounds are electrophilic enough to react with nitrogen heterocycles at room temperature within some hours, showing a close relationship with the electrophilicity of 2H-azirine-3-carboxylic esters, despite their lower degree of activation. The reason why this behaviour was not expected is associated with lack of conjugation of the C=N bond with the carbonyl group in compounds 4. reverting back to azirine 7 and indole that were recovered in 80 % and 50% yields respectively. 7-Azaindole adduct 8i, also reacts on silica, giving back the azaindole (78%) and a dimer of the azirine, compound 10 obtained in 65% yield. The nitrogen heteroaromatic eliminations of the aziridine adducts have been described before from aziridine adducts 9.
Also the pyrazine of type 10 was observed before by decomposition of aziridine adducts 9 in the presence of acid (silica) or base. Reaction of the azirine 7 with purine, gave a mixture of N-7 (8g) and N-9 (8f) alkyl isomers in 1:2 ratio respectively, in agreement with the higher nucleophilicity of N-7 and N-9 compared with N-1 and N-3 in purine. 5 The adducts were fully separated by dry flash chromatography. Addition products were isolated as oils (8b, 8c, 8g, 8h) or solids (8a, 8e, 8f) in 60-80 % yield. 1 HNMR, 13 C NMR and high resolution mass spectra of these compounds fit the proposed structures. The main features of the NMR spectra of the addition products are the NH doublet in a narrow region δ H 1.82-2.12 ppm that couples with the neighbouring CH at δ H 2.85-3.05. The coupling constant between them is of the order of 8.7 to 9 Hz (see table 1 ). A very similar interaction was described in other aziridines of type 8, 1,2 e.g. aziridine 9 for the NH-CH moiety. 13 C spectra are also indicative, in all cases consistently showing two sp 3 carbons at δ C 42-43 ppm and 62 ppm, assigned to C-2 and C-3, respectively.
6
According to NOe experiment on compound 8f and 8g, the stereochemistry of addition seems to be anti to the ethoxycarbonyl group of the azirine. Irradiating H-2 (d) of the aziridine moiety at 2.9 ppm showed an enhancement (3.72%) of the purine signal H-8 at 8.34 ppm. On the other hand, irradiation of H-2 (d) of the other isomer at 2.97 ppm gave an enhancement of H-8 at 8.48 ppm (2.72%) and H-6 at 9.15 ppm (2.86%). Free rotation around C-N bond between the aziridine and purine tied moieties would explain the NOe of the aziridine H-2 over the purine H-8 and H-6 in isomer 8g, and H-2 of the aziridine over the purine H-8 in isomer 8f. The anti azirine addition was observed before in 2H-azirine-2-carboxylates,
7
although in the case of Grignard ragents, syn addition has been reported instead.
3,6
The ee of the products was established by further functionalisation of the NH in compound 8d with a chiral acylating agent ((1S)-(+)-camphorsulfonyl chloride). A mixture of two major diastereomers was obtained in a ratio between 4:1 to 5:1, which is approximately the same enantiomeric ratio observed in the starting chiral azirine. Two other minor diastereomers were also detected in a ratio about 4:1, due to the syn addition of indole to the azirine. The two major diastereomers represent 85% of the crude mixture, which indicates a good diastereoselectivity for the addition reaction.
The obvious extension of this work to carbon and sulfur nucleophiles did not give promising results. Reaction of 7 with phenylmagnesium bromide produced a 3:1 mixture of diastereomers, indicating that the addition is not stereoselective in this case. Careful studies of the reaction over a temperature range of -78 ºC to -20 ºC always gave products in the same isomeric ratio. On the other hand, 4-chlorothiophenol reacted in an undefined way and it was not possible to reproduce a clear procedure for the reaction. This was ascribed by us to be the result of easy addition/elimination of the sulfur nucleophile.
In conclusion, we found the relative non-activated azirine 7 to be a good alkylating agent for nitrogen heterocycles, opening the possibility of forming chiral aziridines of type 8 with excellent diastereoselectivity. 
